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Abstract 


A surface acoustic wave device has a main substrate; a comb-like electrode formed on one of the main surfaces of 
said main substrate; and a supplementary substrate joined with the other main surface of said main substrate, 
wherein said supplementary substrate has a smaller thermal expansion coefficient and a larger thickness than said 
main substrate. 
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Description 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to surface acoustic wave devices used for mobile communication equipment and 
their manufacturing method. 

2. Related Art of the Invention 

Due to the development of mobile communication, there is a growing demand for the improvement of the 
performance of surface acoustic wave devices that are one of the key devices in manufacturing equipment. The 
characteristics of surface acoustic wave devices depend on the electromechanical coupling coefficient, delay time 
temperature coefficient, and surface acoustic wave propagation velocity of piezoelectric substrates. Common 
piezoelectric substrates are now formed of piezoelectric monocrystal such as crystal, lithium tantalate, or lithium 
niobate. Due to the anisotropy of the piezoelectric monocrystal, substrates of the same material may have different 
characteristics depending on their cut angle or propagating direction. Thus, such substrates are selected 
depending on their applications. In general, the temperature coefficient of frequency (TCF) of these piezoelectric 
substrates increases with increasing electromechanical coupling coefficient, while it decreases with decreasing 
TCF, and substrate materials have been required that have a large electromechanical coupling coefficient and a 
small TCF. 

In addition various mobile communication systems are used and the working frequency band has spread from a 
conventional 800-MHz band to a 1 .9-GHz band. The PCS system in the U.S. and the PCN system in Europe are 
mobile communication systems that use the 1 .9-GHz band and that have a very small difference in frequency (20 
MHz) between the transmission and reception bands. Thus, if, for example, a transmission filter is used, it is very 
difficult to achieve sufficient attenuation in the reception band. When a surface acoustic wave filter is used for 
these systems, piezoelectric substrates formed of lithium tantalate or niobate having a large electromechanical 
coupling coefficient are normally used in order to provide a pass band. Due to the large TCF of such piezoelectric 
substrates (for example, about -35 ppm/ DEG C. in lithium tantalate for 36 DEG Y-cut and X propagation), 
however, only 10-odd MHz of interval can be substantially provided between the transmission and reception bands 
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taking the operating temperature range and manufacturing deviances into consideration. Consequently, in the 
above example of a transmission filter, it is further difficult to achieve sufficient attenuation in the reception band. 
These factors further enhance a demand for piezoelectric substrates having a large electromechanical coupling 
coefficient and excellent temperature characteristics. 

Various approaches have been executed to improve the TCF of surface acoustic wave devices. For example, (1) 
the well known methods disclosed in J. Appl. Phys. (Vol. 50, pp. 1360-1369, 1979) and IEEE Transactions Sonics 
and Ultrasonics (Vol. SU-31 , pp. 51-57, 1984) improve the TCF of surface acoustic wave devices by forming on 
lithium tantalate or niobate a silicon oxide film (Si02) of a TCF with an opposite sign. (2) In addition, the method 
disclosed in IEEE Transactions Ultrasonics, Ferroelectrics, and Frequency Control (Vol. 41, pp. 872-875, 1994) 
forms a polarization inverting layer on the surface of a piezoelectric substrate to allow the electrostatic short-circuit 
effect of the piezoelectric to be used to control the TCF of a surface acoustic wave device. (3) A method has also 
been proposed that directly joins different piezoelectric substrates together to provide a piezoelectric substrate 
having new piezoelectric characteristics. 

Conventional surface acoustic wave devices are described below. 

First, a conventional surface acoustic wave device is described in which a silicon oxide film is formed on an 
existing piezoelectric substrate. FIG. 9 is a sectional view of a conventional surface acoustic wave device in which 
a silicon oxide film is formed on a piezoelectric substrate. In this figure, 201 is a piezoelectric substrate, 203 is a 
comb-like electrode, and 204 is a silicon oxide film. The piezoelectric substrate 201 comprises lithium tantalate or 
niobate. This surface acoustic wave device is fabricated by forming the comb-like electrode 203 on the 
piezoelectric substrate 201, and using a sputtering method to form the silicon oxide film 204 on the piezoelectric 
substrate 201 on which the comb-like electrode 203 is formed. The piezoelectric characteristics vary depending on 
the thickness of silicon oxide, and a zero temperature coefficient is obtained at a certain thickness (normally 
expressed by normalizing the surface acoustic wavelength). 

Next, a conventional surface acoustic wave device is discussed in which a polarization inverting layer is formed on 
the surface of a piezoelectric substrate. FIG. 1 0 is a sectional view of a conventional surface acoustic wave device 
in which a polarization inverting layer is formed on the surface of a piezoelectric substrate. In this figure, 201 is the 
piezoelectric substrate, 203 is the comb-like electrode, and 205 is a polarization inverting layer. This surface 
acoustic wave device is fabricated by forming the polarization inverting layer 205 on the front surface of the 
piezoelectric substrate 201 and then forming the comb-like electrode 203. When the polarization inverting layer 
205 has a certain depth, the electrostatic short-circuit effect of this layer 205 improves its temperature 
characteristics compared to existing piezoelectric substrates. 

In addition, FIG. 1 1 is a sectional view showing a configuration of a conventional surface acoustic wave device 
wherein piezoelectric monocrystals are directly joined together to provide new piezoelectric characteristics. In this 
figure, 201 is a main substrate consisting of a first piezoelectric substrate, 202 is a supplementary substrate 
consisting of a second piezoelectric substrate, and 203 is a comb-like electrode. According to this configuration a 
surface acoustic wave device with new characteristics is provided by reducing the thickness of the main substrate 
201 below one surface acoustic wavelength to excite a surface acoustic wave in a mode different from that of a 
surface acoustic wave that propagates along the main substrate. 

These conventional surface acoustic wave devices, however, have the following problems. 

First, while the silicon oxide film or polarization inverting layer can improve the temperature characteristics the 
characteristics of the piezoelectric substrate inevitably change. That is, the surface acoustic wave velocity may 
vary, the propagation loss of surface acoustic waves may increase, the electromechanical coupling coefficient may 
vary, or unwanted spurious responses may occur. Furthermore, if the silicon oxide film is used, the varying 
thickness of this film may cause the piezoelectric characteristics and surface acoustic wave velocity of the 
piezoelectric substrate to vary, thereby hindering manufacturing deviances from being controlled. The film quality 
of silicon oxide may cause the characteristics of the substrate to change. Similarly, if the polarization inverting layer 
is used, varying the depth of the polarization inverting layer may cause the piezoelectric characteristics and surface 
acoustic wave velocity of the piezoelectric substrate to change. 

On the other hand, the conventional surface acoustic wave device using a direct junction requires the thickness of 
the first piezoelectnc substrate, that is, the main substrate to be reduced accurately, thereby preventing hiqh 
frequencies from being used for the process. 

SUMMARY OF THE INVENTION 

In view of the difficulty in controlling the temperature characteristics of such conventional piezoelectric substrates 
for surface acoustic waves, the present invention provides a surface acoustic wave device having excellent 
temperature characteristics and manufacturing methods that do not change the characteristics of the piezoelectric 
substrate such as the electromechanical coupling coefficient or surface acoustic wave velocity. 

To solve the problems described above, the present invention according to a first aspect is a surface acoustic 
wave device comprising a main substrate; a comb-like electrode formed on one of the main surfaces of said main 
substrate; and a supplementary substrate joined with the other main surface of said main substrate, wherein said 
supplementary substrate has a smaller thermal expansion coefficient and a larger thickness than said main 
substrate. 



file://C:¥Documents and Settings¥p8748¥My Documents¥espacenet¥JP1 1055070... 2005/06/14 



3/11 ^— v 



The present invention according to a second aspect is a surface acoustic wave device comprising a main 
substrate; a comb-like electrode formed on one of the main surfaces of said main substrate; and a supplementary 
substrate joined with the other main surface of said main substrate, wherein said supplementary substrate has a 
larger thermal expansion coefficient and a smaller thickness than said main substrate. 

The present invention according to a third aspect is a surface acoustic wave device manufacturing method 
comprising a hydrophilic treatment step of washing a main substrate and a supplementary substrate to make them 
hydrophilic; a direct joining step of directly joining said main and supplementary substrates after said hydrophilic 
treatment; and an electrode forming step of forming a comb-like electrode on said main substrate after said direct 
joining step, wherein said supplementary substrate has a smaller thermal expansion coefficient and a larger 
thickness than said main substrate. 

The present invention according to a fourth aspect is a surface acoustic wave device manufacturing method 
comprising a hydrophilic treatment step of washing a main substrate and a supplementary substrate to make them 
hydrophilic; a direct joining step of directly joining said main and supplementary substrates after said hydrophilic 
treatment; and an electrode forming step of forming a comb-like electrode on said main substrate after said direct 
joining step, wherein said supplementary substrate has a larger thermal expansion coefficient and a smaller 
thickness than said main substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) and 1(b) show a perspective and a sectional views of a surface acoustic wave device according to a 
first embodiment of this invention; 

FIG. 2 shows the dependence on the temperature of the frequency of the surface acoustic wave device according 
to the first embodiment of this invention; 

FIG. 3 shows a sectional view of a surface acoustic wave device according to a second embodiment of this 
invention; 

FIG. 4 shows a sectional view of a surface acoustic wave device according to a third embodiment of this invention; 

FIGS. 5(a) and 5(b) show sectional views of two surface acoustic wave devices according to a fourth embodiment 
of this invention; 

FIG. 6 shows a sectional view of a surface acoustic wave device according to a fifth embodiment of this invention; 

FIG. 7 shows a sectional view of a surface acoustic wave device according to a sixth embodiment of this invention; 

FIG. 8 schematically shows a perspective view of a method for manufacturing a surface acoustic wave device 
according to a seventh embodiment of this invention; 

FIG. 9 is a sectional view schematically showing a structure of a conventional surface acoustic wave device; 

FIG. 10 is a sectional view schematically showing another structure of a conventional surface acoustic wave 
device; and 

FIG. 1 1 is a sectional view schematically showing yet another structure of a conventional surface acoustic wave 
device. 

Description of Symbols 

101 Main substrate 

102 Supplementary substrate 

103 Comb-like electrode 

104 Silicon oxide film 

105 Polarization inverting layer 

106 Conductive film 

107 Insulating film 

108 Groove portion 

109 Cut line 

1 1 1 Main substrate material 

112 Supplementary substrate material 

PREFERRED EMBODIMENTS 

Embodiments of this invention are described below with reference to the drawings. 
(First embodiment) 

FIG. 1 schematically shows a configuration of a surface acoustic wave device according to a first embodiment of 
this invention. FIG. 1(a) is a schematic perspective view, and FIG. 1(b) is a sectional view taken along line A-A* in 



file://C:¥Documents and Settings¥p8748¥My Documents¥espacenet¥JP1 1055070... 2005/06/14 



E2^£L *w ' l°V S 3 sub .strate. 102 is a supplementary substrate, and 103 is a comb-like electrode. 

f 1 !?, 6 ™ b ° d ' m t t nt ' the r 31 " S t UbStrat ,f 101 CO™?*** 36 DEG Y-cut X-propagating lithium tantalate of 
£k*£5 5SS ™ m' * upplen ]? ntar V substrate 102 comprises a low-thermal-expansion glass substrate of 
thickness 300 .mu.m. The thickness of the main substrate 101 is set equal to 10 wavelegnths and is thus 

tan^^LhS^^^S? %"1 3C 5 aC ° UStiC wavelen 9 th - The dermal expansion coefficient of the lithium 
52S?Jf ZL P k P T ? EG P* (Surf f ^ L acoustic wav e propagating direction), and the thermal expansion 

£222 ^SSSS^ 4 ££^ c - That is - the 9,ass substrate has a sma,,er thermal expansion 

JeSed 'zsrstrr device according to an embodiment of this invention is 

First, the direct junction of the main substrate 101 and the supplementary substrate 102 is described The main 
and supplementary substrates 101 and 102 that have been mirror-finished are prepared Then toth suSSteS are 
sufficiently washed to remove dust and organic substances therefrom. Both substrate! are immersed Z a SSd 
solution of ammonium hydroxide and hydrogen peroxide to make their surfaces hydrophi fc Both substrateTaS 
sufficiently nnsed wrth pure water to terminate their surfaces with a hydroxy! groub Tten both subSates?re 
SSi ^ZnlT- e -T n , SUrfaCeS - lnitia,,y ' they are "lutually joined via wate ^ but the moK gradually 
0?nnl <£^% th T! Un ? mn J° 006 pr0Vided by the inter-molecular force of the hydroxy! group, oxygen and 
hydrogen, thereby firmly joining the main and supplementary substrates 101 and 102 together (initial Ij28£fc 

h^w^K 3 '? S th3t T init L a 'l y joined together are thermally treated. Although a certain junction strength 
can be obtained by eav.ng the substrates under the room temperature, they are thermally treated a 100 DEG C 
or higher for several tens of minutes to several tens of hours in order to increase a junction strength If there \s a 

™f ifhfT «f h treatment temperature depending on the size of both substrates (the junction area) 
Th,s is because the increase in temperature may cause the initially joined substrates to be waro^ed and beSe an 
SfchtT^ 63 ! 6 temperature may cause the substrates to be cracked. Conversely sp3g the 

IScloTtS it US6d 10 form fhe comb - |ike elec,rode 103 on the main-subgtra 4 te-slde~ 

surface of the joined body obtained. During this process, the substrates may-warp during a heatinq process such 

SfSEfiES °r h aph0toresist ' so the temperature distribution on the surface of the sublS T 
UlStZfJS?- k w ,S prefe rably used during the thermal treatment. The surface acoustic wave device 

according to this embodiment is manufactured via the above process. aevice 

Next, the temperature characteristics of the surface acoustic wave device are described. The TCF of the surface 
ES5?5 ^ ^ V,Ce IS approXimate,y 9iven as the dif ference between the temperature coefficient of vllocirv 
iSinn K Trvf n aCO H S, ' C r V l and the thermal expansion coefficient (.alpha.) of the device substrate ? 
»f rt °.n A 5 e , Pe ? d tf " thethermal variation of the elastic constant of the substrate and the thermal 
variation of its density. Tight-coupling substrates of lithium tantalate or niobate have a negative TCV (the surface 
acoustic wave propagation velocity decreases with increasing temperature). ne 9 ailve ov (tne surface 

^hnrtS * the T CV °l .u 6 jUnct i° n substra te used in the surface acoustic wave device according to this 

10 Ms Stten o^™»fto e rt SUPP, r entary SUbStrate is ne9libib,e because the thickness of the main substrate 
101 is larger than or equal to one surface acoustic wavelength. Consequently only the elastic constant and dpntitv 
of the main substrate must be mainly taken into consideration. Since, howeve the denlrS ^^aTunS of ?he 
ttiermal expansion coefficient of the surface of the substrate, distortion c^sZ ^t^^^^^ i^L 
SS^nT expanS !° n S effident betWeen the main substra te and the Vu^erS^bSSE 5 02 must 

&^S!!l5£Sr^' the variation of the e,astic constant raused by the ^SS^SSSi 

This embodiment directly joins the main substrate 1 01 of a large thermal expansion coefficient with the 
supp ementary substrate 1 02 of a larger thickness and a smaller thermal expansion ^efficient man the main 

FIG 2 shows thermal variations in the frequency of the surface acoustic wave device accordina to thi«s 
embodiment. This figure shows the results of the use of a one-port tS^^ J^S^^^^soo MHz 
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Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main substrate, it is not 
limited to this aspect, and similar effects can be obtained with another cut angle by using a supplementary 
substrate having a smaller thermal expansion coefficient than the main substrate. In addition, even if the thermal 
expansion coefficients of both substrates are equivalent in the surface acoustic wave propagating direction, the 
density variation can be prevented to improve the TCF by setting the thermal expansion coefficient of the 
supplementary substrate smaller than that of the main substrate in the direction perpendicular to the surface 
acoustic wave propagating direction. The degree of the improvement, however, is low because only the TCV 
contributes to this effect. In addition, similar effects can be obtained by using lithium niobate, Langasite(La3 Ga5 
S:014), or lithium borate for the main substrate. 

In addition, although this embodiment sets the thickness of the main substrate about ten times as large as the 
surface acoustic wavelength, it is not limited to this aspect, and the temperature characteristics of the surface 
acoustic wave device can be improved without affecting its characteristics as long as the thickness is larger than or 
equal to about one wavelength in which the particle displacement of the surface acoustic wave concentrates. Thus, 
according to this embodiment, the main substrate can be subjected to processing such as polishing from one of the 
main surfaces of the directly joined main substrates to reduce its thickness in order to increase the effect of the 
stress of the supplementary substrate, thereby further improving the temperature characteristics. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect, 
and a different low-thermal-expansion material such as silicon may be used. If glass is used as the supplementary 
substrate, it can be joined easily with the main monocrystai substrate due to its amorphousness. In addition, the 
composition of glass enables materials of various mechanical properties to be obtained to allow the temperature 
characteristics to be controlled easily. If a conductor is used as the supplementary substrate, it can restrain, for 
example, the pyroelectricity of the main substrate. Furthermore, in this case, when the main substrate is relatively 
thin, its electrostatic short-circuit effect enables the temperature characteristics to be improved. 

(Second embodiment) 

FIG. 3 schematically shows a sectional view of a configuration of a surface acoustic wave device according to a 
second embodiment of this invention. In FIG. 3, 101 is the main substrate, 102 is the supplementary substrate, and 
103 is the comb-like electrode. According to this embodiment, the main substrate 101 comprises an X-cut 1 12 
DEG Y-propagating lithium tantalate of 300 .mu.m thickness, and the supplementary substrate 102 comprises 
glass of 100 .mu.m thickness. The thickness of the main substrate 101 is set at a sufficiently large value compared 
to the surface acoustic wavelength. The thermal expansion coefficient is 4 ppm/ DEG C. (the Z direction) for the 
lithium tantalate substrate and 12 ppm/ DEG C. for the glass substrate. That is, the glass substrate has a smaller 
thermal expansion coefficient than the main substrate. The configuration of the comb-like electrode 103 is similar 
to that in the first embodiment. 

A method for manufacturing the surface acoustic wave device according to this embodiment is described below 
with reference to the drawings. Those steps which are not particularly described below are the same as in the first 
embodiment. 

First, as in the first embodiment, the main substrate 101 is directly joined with the supplementary substrate 102. 
The initially joined substrates are thermally treated in the air to increase the junction strength. Then, a normal 
photolithography technique is used to form the comb-like electrode 103 on the main-substrate-side surface of the 
joined body obtained. The surface acoustic wave device according to this embodiment is manufactured through the 
above process. 

Next, the temperature characteristics of the surface acoustic wave device are described. The TCF of the surface 
acoustic wave device is approximately given as the difference between the TCV of the surface acoustic wave and 
the thermal expansion coefficient (.alpha.) of the device substrate as described above. If the main substrate 101 of 
a small thermal expansion coefficient is directly joined with the supplementary substrate 102 having a smaller 
thickness and a larger thermal expansion coefficient than the main substrate according to this embodiment, a 
positive temperature variation causes tensile stress to occur on the main-substrate side of the junction interface, 
thereby causing the joined body to be warped toward the main substrate. Thus, the combination of the main and 
supplementary substrates 101 and 102 according to this embodiment provides effects similar to those obtained 
when the thermal expansion coefficient of the surface acoustic wave substrate of the main substrate is reduced. 
Thus, the temperature characteristics can be improved as in the first embodiment. 

Although this embodiment uses the X-cut 112 DEG Y-propagating lithium tantalate as the main substrate 101 , it is 
not limited to this aspect, and similar effects can be obtained by using a supplementary substrate having a larger 
thermal expansion coefficient than the main substrate even if a different cut angle is used. 

In addition, similar effects can be obtained by using lithium niobate, Langasite, or lithium borate for the main 
substrate. 

Although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect but, for 
example, the pyroelectricity of the main substrate can be restrained by using a conductor as the supplementary 
substrate. 

As described above, this embodiment provides a surface acoustic wave device having excellent temperature 
characteristics without changing its characteristics such as the electromechanical coupling coefficient and surface 
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acoustic wave propagation velocity. 
(Third embodiment) 



£!m 4 s^emat'ca'ly shows a sectional view of a configuration of a surface acoustic wave device accordina to a 
h.rd embodiment of this .nvention. In FIG. 4, 101 is the main substrate, 102 is the supplemental Strati 103 is 

compnses a 41 DEG Y-cut X-propagatmg l.th.um niobate of 100 .mu.m thickness, and the supplementary substrate 
102 comprises low-thermal-expansion glass of 300 .mu.m thickness. The thickness of he main substrate is set at 
SSfiSft X ,0 the SUrfaCe aC0UStiC length. The thermal expand Sdent is WA 

C for?he ? 0 £JSfrfS2? a ooust.cw ave propagating direction) for the lithium niobate substrate and 4.5 ppm/ DEG 
e^bodTmerlf SUbStrate ' The confi 9 uratlon of «ie comb-like electrode 1 03 is similar to that in the first 

witrrSerance^ devioe accordin 9 «° «• embodiment is described below 

embodiment drawin 9 s - Th °*e steps which are not particulariy described below are the same as in the first 

ThS Ihl^iJS e "] b ^ di T n ,Vo h ? mai " substrate 101 ^ directly joined with the supplementary substrate 102 
^L«n n ^ M? electr ° de I, 03 ,s formed on °ne of the main surfaces of the main substrate 101. Finally 

103 ? fom^ f^JSS^lST ° Xide w ,m 104 °" the main substrate 101 ° n which the comb-like electrode 
process ° W3Ve d6V,Ce accordina to this embodiment is manufactured through the above 

«,!r2 h t fi £ t e '?J? odimen . t ' °y dire c"y Joining the main and supplementary substrates 101 and 102 toqether stress 
S^ISJR d ' ffarence . In tne ' nermal expansion coefficients of both substrates enables the temperature 

wS^SSfSSSS ?0 bS S^n e impr ° V t d - B 1 Sides ' since this embodiment forms the SSoxtde film 
iiw on tne main substrate 101, the temperature characteristics can be further improved The temoerature 

S^ Sat l 0n meth0d U 5 ing a . SiliC0n ° xide fi,m is we " known . »** this embodiren^rovide^ Tvarious piezoelectric 
Sa a^f !« ! ^ °T P l ? d t0 J^ S Simp,e USe 0f *» si,icon ° xide fi'm and enables a sKate of ™ ^zero^peSfura 
characteristic to be obtained by appropriately selecting the characteristics of the supplementary sXrate 

tem~ S r^ b r^h bOVe ; e ™ bodime nt 03,1 provide a surface acoustic wave device having not only excellfehf 1 ^~ ' 

supplementary substrate. It can restrain, tor example, the n ^^«t£Z£Z£SSr£e 
(Fourth embodiment) 

suppksmentary substrate 102 eomphs,* low-merraatapanslon glass of 300 mu m SttaS ° Thl Seines, of the 
mmn substrate ,s set at a sufnaently large value compares to thl surface acou^ waSS, The Kraal 

o^^s s w ^roi"rirh^rr o ^ 

suostrale 101 on which fhe polanzation inverting layer 105 Is foraiea. The surface acoustic wave 
file://C*Documents and S<rttings¥p8748¥My Documente¥espacenet¥JPn055070... 2005/06/14 



7/11 v 



device according to this embodiment is manufactured through the above process. 

As in the first embodiment, by directly joining the main and supplementary substrates 101 and 102 together, stress 
caused by the difference in the thermal expansion coefficients of both substrates enables the temperature 
characteristics of the main substrate to be improved. Besides, since this embodiment forms the polarization 
inverting layer on the main substrate, its electrostatic short-circuit effect enables the temperature characteristics to 
be further improved. The temperature compensation method using the polarization inverting layer is well known, 
but this embodiment can further improve the temperature characteristics compared to this simple use of the 
polarization inverting layer. 

As described above, this embodiment can provide a surface acoustic wave device having not only excellent 
temperature characteristics but also other piezoelectric characteristics different from the conventional ones 
obtained using the polarization inverting layer. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main substrate, it is not 
limited to this aspect, and similar effects can be obtained by using a supplementary substrate having a smaller 
thermal expansion coefficient than the main substrate even if a different cut angle is used. In addition, even if the 
thermal expansion coefficients of both substrates are equivalent in the surface acoustic wave propagating 
direction, the density variation can be prevented to improve the TCF by setting the thermal expansion coefficient of 
the supplementary substrate smaller than that of the main substrate in the direction perpendicular to the surface 
acoustic wave propagating direction. The degree of the improvement, however, is low because only the TCV 
contributes to this effect. In addition, similar effects can be obtained by using lithium niobate, Langasite, or lithium 
borate for the main substrate. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect, 
and a different low-thermal-expansion material such as silicon may be used. If a conductor is used as the 
supplementary substrate, it can restrain, for example, the pyroelectricity of the main substrate. 

In addition, although this embodiment directly joins the main and supplementary substrates together and then 
forms the polarization inverting layer, the main substrate on which the polarization inverting layer has already been 
formed may be directly joined with the supplementary substrate. The polarization-inverting-layer formation method 
is not limited to this embodiment, and the main substrate may be formed by directly joining together piezoelectric 
substrates 101 A and 101B of different polarizing directions as shown in FIG. 5(b). If the polarization inverting layer 
is formed using the direct junction, the thickness of the polarization inverting layer can be controlled easily to 
uniformize the piezoelectric characteristics of the main substrate. 

In addition, the thickness of the polarization inverting layer is not particularly limited, and a surface acoustic wave 
device having various piezoelectric characteristics and excellent temperature characteristics can be obtained by 
selecting a supplementary substrate depending on the thickness of the polarization inverting layer. 

(Fifth embodiment) 

FIG. 6 schematically shows a sectional view of a configuration of a surface acoustic wave device according to a 
fifth embodiment of this invention. In FIG. 6, 101 is the main substrate, 102 is the supplementary substrate, 103 is 
the comb-like electrode, and 106 is a conductive film. According to this embodiment, the main substrate 101 
comprises a 36 DEG Y-cut X-propagating lithium tantalate of 100 .mu.m thickness which has been processed so 
that its thickness is about one surface acoustic wavelength as is described later, and the supplementary substrate 
102 comprises low-thermal-expansion glass of 300 .mu.m thickness. The thermal expansion coefficient is 16 ppm/ 
DEG C. (the surface acoustic wave propagating direction) for the lithium tantalate substrate and 4.5 ppm/ DEG C. 
for the glass substrate. The configuration of the comb-like electrode 103 is similar to that in the first embodiment. 

A method for manufacturing the surface acoustic wave device according to this embodiment is described below 
with reference to the drawings. Those steps which are not particularly described below are the same as in the first 
embodiment. 

First, the conductive film 106 is formed on one of the main surfaces of the supplementary substrate 1 02 in a part 
corresponding to at least the comb-like electrode 103. According to this embodiment, a several-hundred-Angstrom 
conductive film 106 is formed of chromium. Then, as in the first embodiment, the main substrate 101 is joined with 
the supplementary substrate 102 on which the conductive film 106 is formed. In this case, the conductive film 106 
and the main substrate 101 are directly joined together. Then, the main substrate 101 is polished until its thickness 
almost equals one surface acoustic wavelength. Finally, a normal photolithography process is used to form the 
comb-like electrode 103 on the main substrate 101 . The surface acoustic wave device according to this 
embodiment is manufactured through the above process. 

As in the first embodiment, by directly joining the main and supplementary substrates 101 and 102 together, stress 
caused by the difference in the thermal expansion coefficients of both substrates enables the temperature 
characteristics of the main substrate to be improved. Besides, since this embodiment forms the conductive film 
between the main substrate and the supplementary substrate to reduce the thickness of the main substrate, its 
electrostatic short-circuit effect can be used to further improve the temperature characteristics of the surface 
acoustic wave device. 

As described above, this embodiment can not only provide a surface acoustic wave device having excellent 
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temperature characteristics but also prevent the pyroelectric breakage of the comb-iike electrode. 

Sato Sis Z£S TSSSiSSSS, I; cu K^ pro ^ 9atin9 ,ithium tanta,a,e as the main substrate - » « "* 

iimuea 10 tms aspect, and similar effects can be obtained by us ng a supplementarv substrate havina a smaiipr 
acaustewswe propagating areaion The degree of Ore improvement, hweveTSZ tecauS ^felte TCV 

L1?.£«e^ 

mSlmay beute? 6 " 1 Chr ° miUm 38 ^ 0onduc ** film ' * is not lim ^ * this aspect, and another metal 
(Sixth embodiment) 

(the surface acoustic wave propagating direction) for the lithium tantalate M^^n^ffiRrkh; 
-tan substrate. The configuration of the comb-.lke electrode 103 iSl ^SSinSS^^^ 

^^^Xo^^^^J^^^ d6ViCe aCCordin 9 to this embodiment is described bell/" 
embodiment 9 6PS W " ICh are n °' e articulan V described below are the same as in the first 

E?hVoth^ atin9 . fi ' m 1 °Z formed on one of the main surfaces of *e supplementary substrate 102 Accordina 
LsTn ttf e ZEf S TT 9 meth ° d iS US6d t0 form a 1000-Angstrom insulating Sim 107 Sicon '«STtSSi 
fnsSaXo % 1o5 if teSJ^nTh subs, : ate . 101 l is i° in ed with the supplementary substrate 102 on wS the 

ogether Finall °a no^fJh^h^K^ 8 inSUlating fllm 107 and the main subs ™* 101 are directly joined 
luhSrfei V/!r xu Photolithography process is used to form the comb-like electrode 103 on the main 

ProSss SUrfaCe aCOUSUC W3Ve d6ViCe aCCOrdin9 to this embodiment is mSltoJSlCShTSabo-. 



cannot be easily combined together duK, thei^osK'c^ SUbStrat6S that 

*2%SS£™- emb0diment «" a «*» acoustic wave device having excellent temperature 

fm5°ed 9 to K SS^-S5& D S S3£ffl» ' ithiUm ? nta ' ate 35 the main Subs * a ^ « ia -t 
thermal expansion ciSSdlKStftSiS ^subs^HJ^if a Z^ UPP ' e . men SUbStrate having a sma,,er 
thermal expansion ct^fficientsTboth ^^^reSal^S^l^^ ' S f ed - ,n addition ' even if th e 
direction, the density variation can be prevented tS^S^flft^^^^^ Propagating 
the supplementary substrate smaller than Jhsrt ^f^m^V^Z^^^ 9 ^ thermal expansion coefficient of 
acoustic wave DroDaoatina dWrrtZ r^S^*JP^ substrate in the direction perpendicular to the surface 

^^^^^^^^^^^^^^ 

Although this embodiment uses silicon oxide as the insulating film, it is not limited to this aspect, and another 
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inorganic film may be used. 
(Seventh embodiment) 

Next, a seventh embodiment of this invention is described with reference to the drawings. This embodiment relates 
to a manufacturing method wherein a plurality of surface acoustic wave devices according to this invention are 
formed on the same substrate material. FIG. 8 schematically shows a perspective view of a method for 
manufacturing a surface acoustic wave device according to a seventh embodiment of this invention. In FIG. 8, 111 
is the main substrate material, 1 12 is the supplementary substrate material, 103 is the comb-like electrode, 108 is 
a groove portion, and 109 is a cut line. According to this embodiment, the main substrate material 111 comprises a 
36 DEG Y-cut X-propagating lithium tantalate of 100 .mu.m thickness, and the supplementary substrate material 
112 comprises low-thermal-expansion glass of 300 .mu.m thickness. The thickness of the main substrate material 
1 1 1 is set equal to 1 0 wavelengths and is thus sufficiently large compared with the surface acoustic wavelength. 
The thermal expansion coefficient is 16 ppm/ DEG C. (the surface acoustic wave propagating direction) for the 
lithium tantalate substrate and 4.5 ppm/ DEG C. for the glass substrate. 

A method for manufacturing the surface acoustic wave device according to this embodiment is described below 
with reference to the drawings. 

First, a process for directly joining the main and supplementary substrate materials 111 and 112 together. The 
main and supplementary substrate materials 111 and 112 that have been mirror-finished are prepared. Then, the 
groove portions 108 are formed on the supplementary substrate material 1 12 at positions corresponding to the cut 
lines 109. According to this embodiment, a metallic pattern is formed on the supplementary substrate material 112, 
which is then etched to form the groove portions 108 therein. Then, both substrate materials are sufficiently 
washed to remove dust and organic substances therefrom. Both substrate materials are immersed in a mixed 
solution of ammonium hydroxide and hydrogen peroxide to make their surfaces hydrophilic. This step allows their 
surfaces to terminate with a hydroxyl group. Then, both substrate materials are rinsed with pure water and placed 
on their respective main surfaces. Initially, they are mutually joined via water, but the moisture is gradually 
vaporized and removed to change their junction to one provided by the inter-molecular force of the hydroxyl group 
and oxygen, thereby firmly joining the main and supplementary substrate materials 111 and 1 12 together (initial 
junction). By forming the groove portions 108 in the supplementary substrate material 112 as in this embodiment, 
the unwanted moisture is removed easily even from the center of the substrate material via the groove portions. 

Then, both substrate materials that are initially joined together are thermally treated. Although a certain junction 
strength can be obtained by leaving the substrate materials under the room temperature, they ate thermally treated 
at 100 DEG C. or higher for several tens of minutes to several tens of hours in order to increase a junction 
strength. If there is a large difference between the thermal expansion coefficients of the substrate materials as in 
this embodiment an upper limit must be set for the thermal treatment temperature depending on the size of both 
substrate materials (the junction area). This has been described as in Embodiment 1 . 

In addition, as described above, when substrates of different thermal expansion coefficients are directly joined 
together, significant stress may occur during thermal treatment to destroy one of the substrate materials. Thus, the 
groove portions can be provided to reduce the stress in order to enable thermal treatment at higher temperatures, 
thereby further increasing the junction strength. 

Next, a normal photolithography technique is used to form the comb-like electrode 103 on the main-substrate- 
material-side surface of the joined body obtained. During this process, the substrate materials may warp during a 
heating process such as the prebaking of a photoresist, so the temperature distribution in the substrate material 
will be wide if a hot plate is used. Thus, an oven is preferably used during the thermal treatment. 

Finally, the substrate material is divided into a plurality of surface acoustic wave devices along the cut lines 109. 
During this step, the groove portions 109 are removed together with the cut lines 108. Thus, the groove portions 
are absent from the comb-like electrode portion of each of the individually divided surface acoustic wave devices, 
so uniform thermal stress acts on the surface acoustic wave devices. Consequently, the plurality of surface 
acoustic wave devices without the variation of temperature characteristics can be obtained. The surface acoustic 
wave device according to this embodiment is manufactured via the above process. 

As described above, this embodiment provides a surface acoustic wave device having excellent temperature 
characteristics without changing its characteristics such as the electromechanical coupling coefficient and surface 
acoustic wave propagation velocity. It also facilitates the evaporation and removal of moisture during the initial 
junction operation and reduces the stress during the thermal treatment. In addition, the groove portions are absent 
from the substrate center of each of the individually divided surface acoustic wave devices, so the surface acoustic 
wave devices can be obtained in which uniform thermal stress occurs despite the variation of temperature, thereby 
reducing the manufacturing dispersion. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main substrate, it is not 
limited to this aspect but similar effects can be obtained by using a supplementary substrate having a smaller 
thermal expansion coefficient than the main substrate even if a different cut angle is used. In addition, even if the 
thermal expansion coefficients of both substrates are equivalent in the surface acoustic wave propagating 
direction, the density variation can be prevented to improve the TCF by setting the thermal expansion coefficient of 
the supplementary substrate smaller than that of the main substrate in the direction perpendicular to the surface 
acoustic wave propagating direction. The degree of the improvement, however, is low because only the TCV 
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££££ SSnl^te^ 0 "' SimHar eff6CtS be ° btained by ^ '« hium "**-•. Langasite. or lithium 

In addition, although this embodiment sets the thickness of the main substrate ten times as larqe as the surface 
^f^' rt ! s "°f limited to this aspect but the temperature characteristics of fhe surface aS£2te wave 
2nrw a ^^L mpr T d K^ hOU ^ ec l n9 its characteristics as long as the thickness is larger than or eSualto about 
one wavelength in wh,ch the particle displacement of the surface acoustic wave concentrates. 

i^ffn?; alth ° ugh this embodiment uses glass as the supplementary substrate, it is not limited to this asoect but 
a different low-thernr.al-expans.on material such as silicon may be used. If glass is usee I as the ZSSf 
S^' rt can , ta Joined easily with the main monocrystal substrate due to ' fts amo^usnei uKSEfL 
ScS^ Properties t0 156 "W*SS Mto£££& 
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Claims 



What is claimed is: 



1. A surface acoustic wave devices comprising 

a comb-like electrode formed on a first main surface of said main substrate- and 

2. A surface acoustic wave devices comprising- 

a comb-like electrode formed on a first main surface of said main substrate- and 

^JKSssfasaKtK sa,d ^ main incM °° — — 
i&s? ^Ktaarssssaaas fci — -** • « —>*• 

^^JSSSST *** a0<: ™ al " 9 Clalm 5 ' Whe ™ ln 531,1 *»"'*'!> »*" " - ^ganlc film aWrty 



file://C:¥Documents and Settin gs ¥p8748¥My D<,cuments¥espacenet¥JP1 1055070... 



2005/06/14 



11/11 ^— v 



8. A surface acoustic wave device according to claim 1 , wherein a conductive film is provided at a junction 
interface between said main substrate and said supplementary substrate. 

9. A surface acoustic wave device according to claim 8, wherein a thickness of said main substrate is almost equal 
to one surface acoustic wavelength. 

10. A surface acoustic wave device according to claim 1 , wherein said main substrate is formed from a material 
selected from the group consisting of lithium tantalate, lithium niobate, Langasite, and lithium borate. 

1 1 . A surface acoustic wave device according to claim 1 , wherein said supplementary substrate is formed from 
glass or silicon. 
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^-cittHj^-s. wmmmm*<Dummmm (tc 
f) ti. fra©3i«3. jSiHefjtcsittRffi&eteMs©® 

Sfi!c#tt (TCV) £, ^TS«©f»HJSS^ (a) © 
^ccj:-,-r^e>ti-5„ *H*fe©^S8©<fc^«c, 
flHRCD/hS«ci«El 0 14. fcSI< . 

mm&otiZteffiMmffi. 1 0 2 *bs«^ L-fctt^cc 

IE©SS^^b«: «fc 0 &^Wffi©±««»t? loSSO 

x. #mm<D&mici<5VZ3.m&i 0 1 £?iB(js«i 0 

2 © J; ^ &»«©H«&£-:b-fc»-{c*5C>T (*. *S««c*$w 
S?»14affi?giS«©^SS^»*5/h3 < ft S C 4 415] 
«©JS!l*?:f#-2)C4*5-C#-5. ffiot, i^Lfc^l© 



[0037] fete. ^mm<mmci6^xu, nmm 1 
o i4brx*» n i 2- YBm<Df>H)mo?<y 

[003 8] *fc. *^te©JgflS«:teU-ttt. fflJH&K : 

[0039] «_L©cfc 5fC. 4aUlK>«ft(C*l>-Clt. 
ffcStf* C ife < . S»*fflS^tt*WrS5*14«ffi« 

[0040] (03 ommomm) a 4 it. ^mio* 
3 (DmmcDBteicisv mnmmrm^comm<Dm^ 
Trc-rWrMHr^s. H4tcfetvc. loiaiig, i 2 
0 2 ttUBfrgs. 1 0 SiSfflftM. 1 0 4 «Kfb^* 

M-C*£„ fete, *HJ6©^-C{t. 10 lib 

Tf$10 0tfm©4r Y*-^ FX^©^^-7my 
flUft£«i 0 2iLtf33 0 0/imO 

tt*ffi&&fi«cit^T+#<sg£i,-ct,>£ 0 fete, ^-n 
*ft©*«©«ui^&« . i^!/m*i5. 

4p pm/C . 5t/7XlW 

4. 5 p p m/'C-C&S. */c. W£ttff 1 0 3 ©«fo£ 

«, *i®aat®j£lt£R|;|§-c&&. 3( 

[0 04 1 ] OTK, ^!6©0lKfC*JWS5?tt«iS^ 

^©»@:fra£0ffi£#ML-ri8iETr £ 0 fete. «t 
©gfcWcteOT. ^^©^^^©{c-pti-cfj igj 

[0 04 2] ST, 0l©8IS6©01l8i|g«{cbr. £ 

«r i o i i o 2 ±%m.mm&?z. -Ate. 
H«gs±*«? i o i ©-^is±{c»^ms i o 3 *mwi 

1 0 1 ±<iCm<timg& 1 0 4«X^9 jri; >i/(Cj;lDU 

«±©:/n-fex*«r. **JS©^(cfews 40 

[ 0 0 4 3 ] m 1 OXNTC)?BS£|SJttCc t ! 0 1 

4*MMME10 2*a«»#-rs C 4{cj: o r. MiBM 
iSKO^SB^SHJCtS^CCfcO. £»«##©!§ 
^©Sfi#f44?5t#t-sci*s-e#s„ *t»«cap*r 
**«S©»S8©»&(ctt. S«E±«:WtffilW*i»i8 
StlTUS**. ££JCfimH£©&#;&niJ#&£fe 0 -c 
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[0 044] U±G>* 9 fc. **«KWB»«:*rt,»rtt. 

sa^* sjsup &»tt*in»*?eff s c t #t? » 3 . 

[ 0 0 4 5 3 fete. «an©}|5Jl(ctet»rj4. 

rasoaMitfff&ft*. *fc. was© 

?*tt^®«ei«^iSi©«il^SSiS»*$ig^-c*-5rfc. ?f 
tt*ffi?gfet8^(&i{csi[fe*iS]©^sK^^{c-o^r. 
«»s&©»5gMfc#£s«© *>© j: 0 t/jxg (j- n ' 

Ci*«qrttr**. fc/cO, ■€•©&#$&*«, TCV© 
20 [ 0 0 4 6 ] *fc. *SU6©^3!S{C*JCi-C(t. ffigfrSS 

[0047] (^4 (Dmmomm m 5 «. #^©0 
4 ©^©^ssfcte v) zw&mfttim+om&wmmz 
TK-rmwm-e&z. sstcfour, ioiw^s^. 1 

0 2 10 3(»li, 10 5«^ffiJSK 

fete, *sfete©Bffir«, ^atsio iiu 

JO xmZ 1 0 0 /Ltm©3 6' Yij-j YX&&<D%>*u\,W. 

vrv^zmiK mmmmi 02 £0-0133 00 Mm 

©IS«MteH#9X»«tffli»fc. i«S©^3«. Sift 

*ffiitE«KK:ifc'«r-f-»<Rjei / rt»4. fete, -en-e 
^h©Sffi©^PSg^{3:. ^ > ^ ,j ? ^ A # ! 6 p 

pm/X (?$ttiS®&e»(6]) . //5xaS«t*J4. 5 
PPm/-C-C*5. *&. W^ffil 0 3Mt 0 

[0048] t^TfC. 3j^6©^«8{cteW43lttSlij^ 
^©»jg^?r0M5:#^t/r^-rSo fete. «T 
0 ©ift^fctet^r. #ccift^©fet,^©(cot»r(t. 01 

[0049] s-r. mi<Dmm<DBmmmci,x. ^ 
3t« 1 0 1 i^B&ss 1024 z&mm^-rz. ^c c . 

iSfil 0 1 _htc#«SKiiEJI 1 0 5«t^„ a*! 
^SSKJftt^n \-is3^to&vm®m<DTM<<c&-z>x 

nmztiz. *m&<oBmic*si,>xt<t. ftmmmom 

3«?itt*ffi^g©l/5<i:L/ri^. S&fC. fife 
^SSKJl 1 0 5*1^3*T,fci»« 1 0 1 i(Ctf y f 

ffii 0 3*jis©7* f-';y^77^o«%ffli,>t 
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[oo5o]ii (DnmvmmtfflWiic* £s« 1 o 1 
tmmmu 1 o 2 zmmm-s-rz ctKi-jt, mibm 

tt©sc#a«jtfc<£:fto-c<,>£. ftws.$mzm^tcu& 
fcm-&K.vc<-c . <£ 0 -nasisi*©^^* ci* 

pJfi&iftS. 

[0 05 U JjLL©cfc Mc, *HiS(D^.1i{c*j(,^r«, 
na? tmm.m&z^T zw&mm®m**mz> c t&x 

fc*«©Em^i4<M*fifts#i4&w-r£ > tas^tt^ 

[0052] *nii©^ji§(c*>t,>r iiti 

<mwm&&gfifo<DMmRmMfi&3$-c8> ~> x *> . 
x. ffimmm<DmMmmi&£mfo<D &© <t n *>/j\3 » 

5C i*s dJ66-C*>S„ fc/tU *CD»«tt*tt. TCV 
©^©*<tft£/ctf)/jN;*<ft£. *fc. ilfiiO 

!?©««£«<, >fc*§£r isHi©$»m#sf# e> ft* . 

[0 053] **JgCWf$Sg*Jt»r«. 

vxa ; 7 7.*m^tcifi. cntcfige-r. 

[0 0 5 4] $tc> *30t©3^»{C4j«,>rB. iSSi 

* 6 *> 0 «t>#ffl5igJi «BJ« O fc£SK& it 

Tti. #ftt&©Jf£8S«c|®£ bOXttte < . #®;£fr©S 
ft ■5ESS«l5j± ; &iL««^-r S C <t -Ci»«?r^ t, 

$£JI©/S 5 4c#(cfiJpgWft < . ^fflKISJf ©J¥3 (c «fc -> 

[0055] (^5 ommofcm) m 6 tt. #^©31 

5 ©IQtOBf&KfcW •55»tt«M^^©»«c©«PS* 

^-rWfflH-cAs. 0 6tc*ji,ir. loiiiiss. 1 
0 2 t*wn!)*«. 1 0 3 immmm. 1 0 6 »wi&0t 
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-e&s,, ftte. :#H«6©Mr5;t. £g«i out * 

3 100ym©3 6* hX£j&B©£>*;l/&y?- 

^fi©ije«gmc*-ei5«^tL/ft:fe©-c*o. mwm 

«10 2tt. J53 3 0 0um<DimM&*f ; 7Z&&X$> 
ft*>\ ^ft^ft©g«©&J£5gG&&«> #>#;l/K 

5^»«*i4. 5p pm/°cx$>z. stc. mzmmi 
0 3 (omrnz. m 1 ©ns6©^^ii^«i-c*s. 

10 [0 056] «-RC *^|Sfi©^SlK:*iW^?*14«Mig 
ff^©l?«;^£^M£#MLT|&i!8-<r£. ftfc. J^T 
©aiHjjfcfci^T. 1$(c&Hj©ftt,>>&©K:o(,>TW:. 01 

[ 0 0 5 7 ] S-T> fflSjSffi 1 0 2 ©-#£S±©. 4> 

* < t vmemm 1 0 3 testis istcmmcmm&m 1 0 

6 *Jtm? 6. **JS©0S§-C«. 1 06iO 

■c. 0i©s«6©^Si<tpi«tcur, iifiioiiM 

IB^mttM 1 0 6 ififcf&Z titemmmm 1 0 2 i ^iSS 

20 &£T6. ixtc. ^asi 0 1 zwmb&&§m&i%im 
<Dimmmmc$xmfflt-r*>. sstc. ^*«io 1 
^cmBWM 1 0 3 *iis©7 *hyy^7^ t'p * 

X?rfllC^r^R£-rSo «±©7*P-fe^€rig-C. 2)s:*6fi© 

[ 0 0 5 8 ] 9 1 ommfDwmtmuic. %.sm. 1 0 1 
hwm&R 1 0 2 zmmm^Tzc & ic* ,t, fsriBM 

SS©f»^m^«: J:StE2Kc J: 9 . iSS*ft©^ 

30 ttBWMBiau iaS©J134*< i/rc»*©-c. « 
»JS»K»»*iPJ«r * C 1 1fiX # . 5»14«H^^-©fi 

S 6 ic vm? Z> c t ifi ojffi i ft S . 
[0 059] feLh©J: ^tc. *Hl!ii©^SIK*jC»rW, 

#^©tc»n^. sw^@©^mau®*fp^.sci*s-c# 

So 

[0 060] ft*J> ^^©^{Cfcl,^^^ iSSi 
LX 3 6* Y* ? hXQB8©^>^^ , ;5 : -'i;A€rfflC» 

40 o ft«iK5B«»%«rr s 

©»tt*Sigeift*isi©^5i^»*^r * o r . 
5»tt^Sig«8^lCcsiii[ft*l6l©{S«5B«3»{co(,> 
T , ffiHj»«©^K'5g^t!C7!)^»®© © «fc 0 /h 3 if 
*i«. *tf3Effc*|IWWr*Ci*«'C*. TCF*55c*-r 
SCi*iplfiB-C*S. fc/cU ^©K#JS!lS«> TCV 
©^©*ift^/c«?)/h3<ft-S. iltil 
r. -^•T'K'J^'fA^^^^^ frvmvryj* 
m<Dm&zmi.>tcm&xi>mm<D%}m-t>miiti2>. 
so [006 1 ] jut. *jns©0ss{c*j^-cw. 
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[oo62] s/c, *mm<mmicis\.>xi^ mmm. 

n&m*Bm-r s 4 1, -c & <t t, >„ 
:oo6 3] tit, xmmcmmtas^xiz. mn&m 
±Lx?uAzm^tc&, onicm^-r, 
zm^x$>&\,\ 

[ o o e 4 ] (me <omm<mm muz. *mj*Dm i 0 

nrtrnmmx&z. muc^x. lont^mm, i 
0 2immm, losf*^^ loiimnmm 
-e*s„ xmm<Dmmxix> nm^i 0 1 t^x 

*VJ**mi<\ ^ffiJSSl 0 2<tU-CJ¥$3 0 0Mm© 

mctb*<x+ft<mmLx<,>z. ^tietiomm 
ommm&m*. $ > *>m 0 ? A3& $ 2 6 p p m/ . c 

wmwtmmxfo) . ^xs«*s 4 . 5ppm/ 20 
•era*, S5^mffii 0 3©tstt, miomm 

[0065] fcTFfc. **Jg©^)|§{c*5W65itt*gD^ 

M^vm&irmzmmz&mLxssiwtz. « T 
©*li©ff2$4lsJt;4ir.5„ 

[ 0 0 e e } tr. mmmm 1 0 2<D-*Em±ic®® 
®m 1 0 7 zmnzr*. *mm<DBmxte, imam 1 

0 74LT, Sf^**^^^^y>i/xS(c«fcf)^i 

00 0*>y* Ha-AMfc^rns. o^r. »i© 30 

^©iSi^Kit, ss«i 0 1 irafiaffi^ttii 

1 0 7 ftfcjgiftgg 1 0 2 ±&is.mm&?2. 

£«g 1 0 1 j;fc»^ms 1 0 3 

[ 0 0 e 7 ] * 1 <Dmm<DBm±m®ic, £&g 1 0 1 
1 0 2 *fi«g^-r 3 ciu,t, ®izm 

***©?j?8S©*£cctt, is«<b?tfias<fc©ra{c» 

[0068] fiLhoj: 5(c. *«fc©JKBHctet» r tt 

«f«c««»tt*wr mmmvmttnz c 4#r 

[0069] fcfc. ^*©^ffli{c*Jt>rtt % 
Or 3 6- YA^XetO^^^Bijf^A^ 
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«ftt*ffli»*itt. ras©3»**jf# ens. $fc, 
»tt^®»ej»^{csaa*isj©«5Ms#»{co(,> 

&C4#nJ^-c&S <> fcfc-t. -€-©et#^{i, TCV 

[0 0 7 0 ] ^*©jBjiBfc*»t>rtt. ffiwrnm 

[0 0 7 1 ] $tc, *mm<mi8iic*s{,*xii % mm®, 
mictm&mz&m? z> 4 oris?? 0 c tucm *> 

wmzBmtztuxbj:^. 

[0 072] SEfc. ^^Jg©^S8{c*jt»r(i, i^SH4M 

[0073] <mi vmmomm) ^k. xmmmi 
tvgtefoBmc^xwmz&mLxmmrz. *mm 

^z^VLkicMm-rzm&vtmimicea-r 5 *> © 

S8{i, *#6W©Sl7©|»fi©0fiS(c4B»SSIS 

tt*Mig^©isB&^©MBS?r^-r#4ffl0-e*s„ m 

8tC*,t»r. lOlliilS, 10 2«M«*g, 10 
3tt«M?«& 10 8ttj|C. 10 9««J»f«-C*S 
«c*». «E*o^|-ctt. =E«S/1«1 1 libtfs 
100«m©3 6- Yij ? bXim<Di» 

1 2 t LT»3 3 0 0 M m© 

>f A« <) ^A1fi 1 6 p p m/'C (?»t4^®^ei»^ 
ft) . *7Xlf*4. 5 p pm/'CCabS. 
[0074] «-Rc. 3^J6^.«(c*jW4itt*jlig 
*-?®«Ji*ffi*BnB*#JHbriWlif «. 

[°075] ssjtc. nmmmx 1 i4««>s«M e 
1 1 2t<Dmmm^x.mic-o^xmm-r^ *r. 

* J ^M±±{f3ti/c. 1 lteJ;o'ttaS« 

M*l 1 2**S!«-rs o »J»»«M^i 1 2 ± 

«C. «HK«R 1 0 9 {C*fj£bfcfitg(c?i3|5 1 0 8 £&f&? 

Zo SXttojgftrti. tt©s«Mfii 1 2±{c^jr^ 

C4K«fc»)«WI5=10 8*»Jifcort»«. yctc. M«« 

*--fA4fflKfb4c^7k4©s^*^jR{ C ajf l/ 
*Wtt?WiSh4C4*cft*. ^o r> 
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#fi*-C'J>XU 5^©— y3£.ffim±%Mi3i$>t>i£Z. 

* s ft*!?*, waatc t-vtH-mt} cc 

1 1 2*s9S@K:^$ns («9ns^) . *mm<D%m 
©<t^K. 1 2icm^ntcm^i o 8 

cc. M8S^5nfcw*®ns4^saa-rs. ss&g 

^SfeS^i-r s/t&cc. l o o •CJM±©SS-e^(+^- 

cc. is««M«©&fl£^?^# s *tt>»£Cc«. mm 
«M©*#;* (^B5») Ccj^T&a&JISSCCfcJfa 

r *$ o a&teffltpccs^cc-r^ o 
DSc . &&smMSCc:tei>T^ajE;;ft©&i> 
^&#f#6ftri>sc 20 

[0076] * fc. Btf^©J; 5 Cc. JR«3Bfl8S:©£&«> 

«RH±*fflK»^ , r*»^K». imhm»k:3p*jsi.is 

[0077 ] *CC. f#6ftfclg-£&©£S&MMJaffi 
CC. mM<OV* h'JV«7^^IUt, ffiB&ttffi 
1 0 3£ff2J&"f£„ &*5. C©:?'ci-feXCC:tel,vr:7* h 

h©:/y^-:?ft£©Jjn&:7a-fex-ccja«M« 30 

[0078] SffttC. Wfrifcl 1 0 9(C?Sot, «»©5$ 

gBfltSt! 1 0 9«^J»fiK 108ii fcCC|$£$ft£. tSo 

s!iiB?tg|5«ffiS-e^. -«&&£;W?*tt«®&3mc 
fBBU SK#14©«eo#©ft<,Mfi&ffi©?W4fim-& 
Jit^#— JSl/Tf#6ftS. fcLb©7*aHr;*£ig-C. 40 
tfc<WKBK*iW -SSittSiffi&aS^CiSifiS;* n5o 
[0079] W±©J: 5CC. #f»©JB»c*H,>T.*. 

^Mts»is^^5*ttSii^eiBia^©M!ifi44^ 

•SCitf-ct*. <B*Cc##l3ft;te5!jM?feaiffi$3l 

^©s«**a5(c««SB*5#^#-r. ms.mti/cKtvx 

|!i3§tf6o^©<g^0SC<i:*i-C#5o 50 
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[008 0] *SISS©^SI{C4s^-CtJ. 

tew. cticcm^-r. mo*)? bft*mMcm&X'i>, 
»R*m>*i«. i^«©^*^e>ns. g/c m«« 

©5*tt«M«e^rfiJ©^05B^^l5l^T* ^tt, 

5*i4*ffi^{as*isiccaiaa*isi©«5g^«:oi,> 

r . Mi»g&©^5g^*5£S«j©fe© <fc f) ti- 
ne*, sa^t^wj-rsci^t?^. tcfz&&? 

£C<fc#nJfSfcr&S. fc/ct, ^©ScS^C*. TCV 
©^©#±fc£/ci&/M<&S. iltil 

[0 08 1 ] 2RW6<wg*«:*j(,>r». £*«© 

j»3£5$i4«bb?&&6©i omtbtcf)\ cncci®e> 

*ft «. ?*tt«®«*^©#14{cKS^^^ 

s. 

[0 082] iCfc, *ISS6©^S8{c*Jl>r«. »«JS« 
©^©e^SS^m^ffl^-C^J:^. ffl«;*«<i: or^ 
*S£g«i©&#**&l<t&.5„ ^X©i^ 

[ o o 8 3 ] *mm<mm<Dwmm%im :: ?--k 
^fflc^-r f# e>nr i^c-fe*aas[^s®©)im^tt«b « 

[0084] * /c. #HJ56©ff2£©£g«(Cfl«S&l! 
[0085] 

[^©^1*] feLhlttW L,/c t C e.BJ 5 

cc. *^bj«. jimatR©^^^^^^^® 

® jta^©iS1$tt&^f k 3 t5Ci«<, Aft? 
[0086] 1 5©*l6HJ(i. ^SB#CC 

few &*#©&*£!»« stifc cc&i&tifciiigfn-r -s c 
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[0 i ) *m}<Dmi(omM<DBmict<svzw&mw®. 
[a 2 ] *^hj©0 i ammoamcistt znmm®. 
i® 3 ] *?m<m2 vmumwicmzw&mwL 

^f©»r®0 o 
3?-?©»r®0. 

i® 8] *m<om 7 <mm<mm:m m &mm& 
[09] mmmmm»i^mk<Dam*m-smm * 



(10) 



*0. 
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[010] ^CD^tt^ffljSJR^OQgilo^jSogjBg^- 



(a> 



(b) 



[01] 



[0ii] mt<m&mmi?<Dswmm<Dwmz^ 
■^"Kfss0 o 

[flF4f©i8BJ] 
1 0 1 

1 0 2 ftUftg« 
1 0 3 «f^SS 

io 104 wntmmm 
i o 5 frwmm 
i o 6 mm* 

1 0 7 

108 mm 

109 «7K« 

1 1 1 £S«M« 

1 1 2 mmmwm 

[02] 
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2000 
*g 1500 
J: 1000 
500 



s 



g -500 
j| -1000 
« -1500 
-2000 
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i o i • - >±&& 

10 2... 
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(11) 



ftmW- 1 1 -5507 0 



[04] 



[05] 



103 



103 




105 



102 




102 



10 1-— £*« 
1 0 2 * • • fflh&&L 

10 3--- m&un 
10 4--* aniasutt 



1 0 \ ' ■ • ±*<5 
10 2 — - ffi«b*tt 
1 0 3 • • * 
1 0 5 • • • #WK*SJi 



[06] 
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103 
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107 



102 




102 



10 1' 
102' 
10 3' 
10 6 



101 • 
10 2' 
10 3 
1 0 7 



[09] 



[010] 



204 




205 




2 0 1-*- £Sti 

2 0 3 • • - 

2 0 4 - • • BHfc&*flt 



2 0 1 • • • 

2 0 3 • • • fflUM 

2 0 5 —- aasi&fl 
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